It is known that leptin, an adipocyte-derived hormone, exerts a stimulatory effect on growth hormone (GH) secretion in various animal species. However, no previous study examined in vivo whether leptin affects the secretion of GH-releasing factor (GRF), somatostatin (SRIH), and some other closely relevant neurohormones in the hypothalamus. Therefore, in this study we investigated the effects of direct leptin infusion into the hypothalamus on the in vivo release of GRF, SRIH, ␣-melanocytestimulating hormone (␣-MSH), and neuropeptide Y (NPY) in freely moving adult male rats using the push-pull perfusion. Leptin was infused into the median eminence-arcuate nucleus complex at three different concentrations, i.e., 1.0 (normal feeding level), 3.0, and 10 ng/ml (mild obesity level). In normally fed rats, only 10 ng/ml leptin was able to stimulate GH secretion, whereas in 3 d fasted rats, GH release was dose-dependently stimulated by 1.0 and 3.0 ng/ml leptin, although its 10 ng/ml dose did not produce additional effects. The facilitation of GH secretion occurred as increased pulse amplitudes without significant changes in the pulse frequency. During the leptin infusion, the hypothalamic GRF increased and SRIH decreased in magnitudes that approximately paralleled those of GH changes. Leptin stimulated the release of ␣-MSH in the fasted but not fed rats. It is likely that the fasting-induced increase in the hypothalamic ␣-MSH sensitivity to leptin is relevant to ingestive behavior involving leptin. Leptin was without effect on NPY release in either the fed or fasted group. Although it is certain that NPY mediates at least part of the metabolic actions of leptin, NPY is unlikely to be involved in the acute effects of leptin on GH, GRF, and SRIH secretion. These results demonstrate for the first time that leptin can alter the in vivo release of both GRF and SRIH in rat hypothalamus concurrently with the stimulation of GH secretion.
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Key words: leptin; growth hormone; growth hormonereleasing factor; somatostatin; ␣-melanocyte-stimulating hormone; neuropeptide Y; arcuate nucleus; median eminence; push-pull perfusion It is well known that alterations in nutritional states markedly influence growth hormone (GH) secretion in both experimental animals and humans. Such disturbance of GH secretion appears to develop as a consequence of altered metabolic conditions, because normal GH secretion can be reinstated after weight reduction in obesity and after refeeding in undernourished conditions (Dieguez and Casanueva, 1995) . However, the mechanisms whereby nutritional factors affect GH secretion had mostly been elusive until the recent discovery of leptin, the adipocytederived hormone (Zhang et al., 1994) . In addition to playing an important role in energy homeostasis, leptin is also known to affect the secretion of various pituitary hormones, including GH Ahima et al., 2000) .
It has been reported that leptin stimulates the basal and GHreleasing factor (GRF)-induced GH secretion in rats (Carro et al., 1997 (Carro et al., , 2000 Tannenbaum et al., 1998; Vuagnat et al., 1998) . Several studies in vivo and in vitro suggested that these facilitatory actions of leptin may be mediated by GRF and somatostatin (SRIH), both of which represent principal hypothalamic peptides participating in the neuroendocrine regulation of GH secretion (Quintela et al., 1997; LaPaglia et al., 1998; Carro et al., 1999; Cocchi et al., 1999) . On the other hand, it has also been reported that leptin acts directly on the pituitary to modulate GH release in a quite complex manner (Barb et al., 1998; Roh et al., 1998 Roh et al., , 2001 Shimon et al., 1998; Cocchi et al., 1999; Chen et al., 2001; Korbonits et al., 2001) . Neuropeptide Y (NPY) and ␣-melanocytestimulating hormone (␣-MSH), the latter of which is a proopiomelanocortin (POMC)-derived peptide, have diverse biological functions in the brain and periphery. In terms of the influence on ingestive behavior, NPY and ␣-MSH exert orexigenic and anorectic effects, respectively. Abundant data suggest that both peptides serve significant roles in mediating the metabolic and neuroendocrine actions of leptin Kalra et al., 1999; Ahima et al., 2000) . Despite these accumulating data implicating the roles of GRF, SRIH, NPY, and ␣-MSH in mediating the biological functions of leptin, no previous study demonstrated that leptin actually regulates the release of these peptides in the hypothalamus in vivo. To address this important issue, in the present study we examined the effects of direct leptin infusion into the median eminence-arcuate nucleus (ME-ARC) complex on the release of GRF, SRIH, NPY, and ␣-MSH at this site, and also of plasma GH, using the push-pull perfusion (PPP) technique as in our previous studies Takebe, 1993a,b, 1994) . We also compared the hormonal effects of leptin infusion between fed and fasted rats. This attempt was made on the basis of previous reports that the neuroendocrine GH axis showed differential responses to exogenous leptin in fed versus food-restricted animals (Carro et al., 1997; Barb et al., 1998; Tannenbaum et al., 1998; Vuagnat et al., 1998; Henry et al., 1999 Henry et al., , 2001 Lado-Abeal et al., 2000; Nagatani et al., 2000; Morrison et al., 2001) .
MATERIALS AND METHODS
Animals and PPP protocol. All of the following procedures were approved by the Ethical Committee for Animal E xperimentation of the International University of Health and Welfare. Animals were maintained in accordance with the National Institutes of Health Guide for the Care and Use of Laborator y Animals.
Male rats (240 -260) of the Wistar strain were used. They were housed in an air-conditioned room with controlled lighting (light on from 8 A.M. to 8 P.M.) and were given ad libitum access to laboratory chow and tap water. T wo weeks before PPP, a guide cannula with a removable inner stylet was stereotaxically implanted in the M E -ARC complex under anesthesia with sodium pentobarbital (40 mg / kg body weight, i.p.). Stereotaxic coordinates for the cannula placement were taken from the atlas of Pellegrino et al. (1979) , and they were 0.0 mm anterior to and 0.5 mm lateral to the bregma, and 9.8 mm ventral from the dura. The PPP cannulas used were the same as described in our previous studies Takebe, 1993a,b, 1994) . The device was fixed onto the skull with anchor screws and dental cement. Seven to 10 d after the PPP cannula placement, the body weight of every animal returned to the presurgical level. The animals were divided into two subsets. One subset was allowed to feed ad libitum (fed group), and the other subset was deprived of food for 3 d (fasted group) until the day of PPP. T wo days before PPP, all animals were implanted with a jugular vein catheter filled with heparin solution under light ether anesthesia.
At ϳ7 A.M. on the day of PPP, an extension of the jugular vein catheter was installed for frequent blood sampling, and the inner stylet within the guide cannula was replaced with the inner cannula perf usion assembly. Thereafter, artificial C SF (aC SF) with the same composition as in our previous reports Takebe, 1993a,b, 1994) was inf used through the push cannula and collected from the pull cannula at a flow rate of 15 l /min. The dead space of the pull system (from the tip of the guide cannula to the distal end of the pull tubing) was adjusted to 225 l (corresponding to a 15-min period of perf usion). Until the experiment was over, not only the fasted but also the fed groups were deprived of food, although they were given ad libitum access to tap water. After a 2-hr equilibration period, blood samples (150 l) to measure GH were collected from the freely moving animals every 15 min between 9 A.M. and 7 P.M. Only at 9 A.M., an additional 50 l of blood was drawn to also measure leptin. The blood was collected in tubes containing EDTA-2Na (2.5 mg /ml blood) and immediately centrif uged, and the plasma was stored at -70°C until assayed for GH and leptin. The red blood cells were resuspended in 0.9% NaC l and returned to the animal after removal of the next blood sample. Perf usion fractions (450 l) were collected every 30 min over a total period of 630 min (9 A.M. to 7:30 P.M.). The reason for collecting a perf usate also between 7 and 7:30 P.M. is the existence of the above-mentioned dead space within the pull system. Both the fed and the fasted groups were perf used with 1.0, 3.0, or 10 ng /ml recombinant rat leptin (R & D Systems, Minneapolis, M N) from 2 to 7:30 P.M. The rat leptin was dissolved in the aC SF immediately before use. Control groups were perf used with the pure aC SF from 9 A.M. to 7:30 P.M. The actual time of day during which leptin was inf used was between 1:45 and 7:15 P.M., because the dead space of the push system (from the tip of the push cannula to the distal end of the push tubing) was adjusted to 225 l (corresponding to a 15 min period of perf usion). The perf usates were immediately frozen on dry ice, lyophilized, and stored at -70°C until assayed for GRF, SRIH, ␣-MSH, and N PY. Within 30 min after completion of the experiment, the animals were killed by decapitation, and their brains were removed and stored at -70°C for histological examination.
Hormone assays. The lyophilized perf usates were reconstituted with 450 l of an assay buffer (0.1% bovine serum albumin, 100 mM PBS, 0.1% sodium azide, and 0.1% Triton X-100, pH 7.4) and subjected to radioimmunoassays (RIAs) for GRF, SRIH, ␣-MSH, and N PY. A 100 l aliquot was applied to each assay. All these neuropeptides were measured using specific RIA kits purchased from Peninsula Laboratories, Inc. (San C arlos, CA). The sensitivities of these assays (expressed per tube) were 1.0 pg for both GRF and SRIH, 0.5 pg for ␣-MSH, and 10 pg for N PY. These four peptides were also measured in reconstituted lyophilizates from blank perf usates (five samples per rat) containing 450 l of the pure aC SF, and their mean values were subtracted from the levels in all the actual perf usates from every animal. N PY was detectable in all actual perf usates from every animal, but the other three neuropeptides were sometimes undetectable (in fewer than three samples in one rat). By convention, such samples that contained undetectable levels of the peptides were allotted the sensitivity thresholds of the respective assays for calculation. GRF, SRIH, ␣-MSH, and N PY did not cross-react with each other or with their respective related compounds. Plasma leptin concentrations were measured by a rat leptin ELISA kit (Morinaga Institute of Biological Sciences, Yokohama, Japan), and its sensitivity was 0.2 ng /ml. GH levels were determined by RIA using reagents kindly donated by Dr. A. F. Parlow (National Institute of Diabetes and Digestive and K idney Diseases). Rat GH-RP-2 was used as the standard, and the sensitivity of the GH assay was 1.0 ng /ml. For all the hypothalamic and plasma hormones, samples from individual rats were analyzed within the same assay. In these six hormone assays, both intra-assay and interassay coefficients of variation were Ͻ10%.
Histolog y. Histological examination of the PPP cannula placement was done in the same manner as we have reported previously (Watanobe and Takebe, 1993a) . Only animals that had the tip of the push cannula within the M E -ARC region were allowed to contribute to the data given in Results.
Statistical anal yses. To determine whether observed temporal fluctuations in plasma GH and perf usate peptide levels constituted endogenous pulses, results were analyzed by the cluster analysis method (Veldhuis and Johnson, 1986) . A t statistic of 2.0 was selected to maintain a maximal false-positive rate of Յ2.5%, by using cluster sizes of one or two in the nadir and peak. Results were expressed as the mean Ϯ SEM. For the purpose of detecting significant alterations within groups, data of individual experimental groups were analyzed by two-way ANOVA with repeated measures. One-way ANOVA was used to compare data among different groups. When significant F values were obtained, a Bonferroni multiple comparisons test was performed. Differences were considered significant at p Ͻ 0.05.
RESULTS
The plasma leptin concentrations in the fed and fasted groups were 1.32 Ϯ 0.05 (n ϭ 39) and 0.28 Ϯ 0.01 ng/ml (n ϭ 34), respectively. These results were consistent with our previous data in male rats determined under the two different nutritional conditions (Watanobe and Suda, 1999; Watanobe et al., 2000) . In this study, we perfused the ME-ARC region with three different concentrations of leptin (1.0, 3.0, and 10 ng/ml). The lowest concentration was chosen as the one that mimics the circulating leptin levels in normally fed male rats (Watanobe and Suda, 1999; Watanobe et al., 2000) . The highest concentration is comparable with that found in mild obesity. Circulating leptin concentrations in normally fed adult Otsuka-Long-Evans-Tokushima fatty rats, a genetically obese rat strain exhibiting non-insulin-dependent diabetes mellitus and mild obesity, were reported to be 8.6 Ϯ 0.9 and 9.7 Ϯ 1.8 ng/ml in males and females, respectively (Shimizu et al., 1998; Watanobe et al., 2001) . The middle concentration (3.0 ng/ml) of leptin infused was set between this mild obesity level and that in normally fed male rats. Figure 1 shows representative profiles of plasma GH in four fed rats that underwent different treatments and group average data of GRF, SRIH, ␣-MSH, and NPY in perfusates from the four fed groups. In all animals, pulsatile GH secretion with two major peaks was observed during each of the first (9 A.M. to 2 P.M.) and second (2-7 P.M.) periods of perfusion. In the control animal that received the vehicle only throughout the experiment, no apparent difference was observed in either the amplitude or frequency of GH pulses between the first and second periods of sampling. This lack of alterations in the GH pulse parameters was also true of the other two rats that received 1.0 or 3.0 ng/ml leptin, respectively. In contrast, the infusion of 10 ng/ml leptin caused an apparent increase in the GH pulse amplitude, albeit without changing the pulse frequency. Analysis of the group data revealed that this effect of leptin was significant (Fig. 2) . The GH pulse amplitude was not affected by 1.0 or 3.0 ng/ml leptin but was significantly increased by its 10 ng/ml dose to an approximately twofold higher value ( p Ͻ 0.05) than those in the remaining three groups.
Similarly, the mean and nadir GH levels during the perfusion of 10 ng/ml leptin were 2-2.5 times higher ( p Ͻ 0.02-0.05) than those in the remaining three groups. However, the GH pulse frequency, interpulse interval, and pulse width were not significantly affected even by the highest concentration of leptin (data not shown).
With regard to the release of the neuropeptides in the ME-ARC region, the infusion of the vehicle or 1.0 or 3.0 ng/ml leptin did not cause any significant change in any of the four peptides (GRF, SRIH, ␣-MSH, and NPY) during the entire period of observation. In contrast, as in the case of GH secretion, 10 ng/ml leptin induced a significant increase or decrease in GRF or SRIH, respectively. Compared with the values in the vehicle-infused group, GRF and SRIH started to significantly increase or decrease, respectively, on and from 3 P.M. (60 min after the commencement of the leptin infusion). Thereafter, the levels of GRF and SRIH were gradually increased or decreased, respectively, up to 4:30 P.M., after which almost consistent levels were maintained for both peptides until the perfusion was over. The outputs of ␣-MSH and NPY were not significantly affected even by the highest concentration of leptin. Cluster analysis in any individual animal did not reveal any significant pulsatile release of any of the four neuropeptides throughout the sampling period (Fig. 1) . Figure 3 shows representative profiles of plasma GH in four fasted rats that underwent different infusions, and group average Figure 1 . Representative profiles of plasma GH in four fed male rats and group data of neurohormones in the ME-ARC perfusates in the four fed groups before and during the leptin infusion. The number of animals in each group was 9 -11. In this figure and Figure 3, (1) the time of the perfusate collection for neuropeptide assays is shifted 15 min ahead of the actual time of perfusion, because the dead space of the pull system (225 l) corresponds to a 15 min period of perfusion (flow rate, 15 l/min); (2) data of the four neuropeptides in perfusates are expressed as point values at the center of their collection periods; and (3) where SE values are not shown, they were smaller than the symbols. Black bar, Period during which leptin or aCSF (vehicle) was infused; filled squares, leptin (10 ng/ml); filled triangles, leptin (3.0 ng/ml); filled circles, leptin (1.0 ng/ml); open circles, aCSF (control); stars, significant GH pulses as detected by Cluster analysis; dotted crosses, statistically significant versus the other three groups. Figure 2 . Characteristics of GH secretion before and during the leptin infusion into the ME-ARC region of fed male rats. The number of animals in each group was 9 -11. Dotted crosses, Statistically significant versus the Before value of the same group and also the During values of the other three groups. data of the hypothalamic peptides in perfusates from the four fasted groups. Cluster analysis disclosed that all four animals exhibited pulsatile GH secretion with two major peaks during each of the first and second periods of sampling. In the control animal that was perfused with the vehicle only, GH pulses with similar amplitude and frequency persisted throughout the experiment, although the pulse amplitude was markedly lower than that in the fed controls (Figs. 1, 2) . Interestingly, the administration of leptin to fasted rats, irrespective of its concentration, resulted in augmented amplitudes of GH pulses without affecting the pulse frequency. When evaluated as group data (Fig. 4) , the 1.0 and 3.0 ng/ml concentrations of leptin dose-dependently increased the GH pulse amplitude, but this parameter was not further elevated by 10 ng/ml leptin. Similar intergroup differences were also observed for the mean and nadir levels of plasma GH. However, as in the case of fed animals, the GH pulse frequency, interpulse interval, and pulse width were not significantly altered by any concentration of leptin infused (data not shown).
With respect to the neuropeptides in the M E -ARC perf usates, it may be worth noting that fasting augmented the responsiveness of GRF and SRIH to leptin. In analogy with its effect on GH secretion in fasted rats, 1.0 ng /ml leptin was already effective to alter the secretion of both GRF and SRIH with an increase or a decrease, respectively. These changes in GRF and SRIH were f urther augmented by the 3.0 and 10 ng /ml doses of leptin, but the influences of these two concentrations were of a similar magnitude. In addition, as a finding observed only in the fasted animals, leptin was also able to stimulate the release of ␣-MSH, which showed a dosedependent response to leptin as with GRF and SRIH. The lack of change in N PY outputs during the leptin inf usion was the same as in the fed animals. C luster analysis in every animal did not detect any significant pulsatile secretion of any of the four neuropeptides throughout the experiment (Fig. 3) .
A comparison of the basal outputs of the four neurohormones between the fed and the fasted animals suggested that both GRF and ␣-MSH were approximately twofold higher in the fed rats, and conversely, both SRIH and NPY were approximately twofold higher in the fasted animals. When all the individual rat data from 9 A.M. to 2 P.M. were subjected to a statistical analysis, these intergroup differences proved to be statistically significant ( p Ͻ 0.05). Representative profiles of plasma GH in four fasted male rats and group data of neurohormones in the ME-ARC perfusates in the four fasted groups before and during the leptin infusion. The number of animals in each group was 7-10. Black bar, Period during which leptin or aCSF (vehicle) was infused; filled squares, leptin (10 ng/ml); filled triangles, leptin (3.0 ng/ml); filled circles, leptin (1.0 ng/ml); open circles, aCSF (control); dotted crosses, statistically significant versus the other three groups; single daggers, statistically significant versus the leptin (3.0 ng/ml) and leptin (10 ng/ml) groups; double daggers, statistically significant versus the aCSF group. Figure 4 . Characteristics of GH secretion before and during the leptin infusion into the ME-ARC region of fasted male rats. The number of animals in each group was 7-10. Dotted crosses, Statistically significant versus the Before value of the same group and also the During values of the other three groups; single daggers, statistically significant versus the Before values of the respective groups and also the During values of the aCSF and leptin (1.0 ng/ml) groups.
DISCUSSION
In this study, it is worth noting that the fed and the fasted rats showed a clear difference in the neuroendocrine GH axis responses to leptin. Compared with the fed rats, the fasted animals were more sensitive to leptin, with larger changes in GH, GRF, and SRIH secretion. This may be in accord with the previous data that fasting increases leptin receptor concentrations in the ARC at both its mRNA and protein levels (Baskin et al., , 1999a . The present findings that GH secretion was augmented above normal by the supraphysiological concentrations of leptin in both the fed and the fasted rats appear to be consistent with three recent studies in sheep (Nagatani et al., 2000; Henry et al., 2001; Morrison et al., 2001) . Because GH secretion in sheep is known to increase on food restriction in contrast to decreased GH levels in undernourished rodents (Gluckman et al., 1987; Thissen et al., 1994) , all these data from sheep and rats allow us to suggest that leptin actions on the neuroendocrine GH axis may be basically stimulatory. The other two studies in rats (Tannenbaum et al., 1998) and pigs (Barb et al., 1998) also support this possibility.
With respect to the basal release of GRF, SRIH, ␣-MSH, and NPY in the ME-ARC region, we found that the fed rats had approximately twofold higher levels of GRF and ␣-MSH and ϳ50% lower outputs of SRIH and NPY than the fasted animals, with all these differences reaching statistical significance. These results are consistent with previous studies that examined the effects of fasting on the synthesis of these hypothalamic peptides (Bruno et al., 1990; Stephens et al., 1995; Schwartz et al., 1996 Schwartz et al., , 1997 Schwartz et al., , 1998 Ishikawa et al., 1997; Thornton et al., 1997; Mizuno et al., 1998) . Several previous studies in vivo and in vitro implicated a significant participation of both GRF and SRIH in the leptinstimulated GH secretion in rats (Quintela et al., 1997; LaPaglia et al., 1998; Carro et al., 1999; Cocchi et al., 1999) . In support of these reports, we found in the present study that the enhanced GH release during leptin infusion was clearly associated with a concomitant increase or decrease in GRF or SRIH, respectively, in both the fed and fasted rats. These effects of leptin on the neuropeptide release may be in agreement with the neuroanatomical evidence that the ME-ARC region contains a high concentration of leptin receptors at both its gene and protein levels (Mercer et al., 1996; Schwartz et al., 1996; Fei et al., 1997; Elmquist et al., 1998; Hakansson et al., 1998) . Because most cell bodies and nerve endings of GRF neurons are located in the ARC and the ME, respectively, and a large part of SRIHcontaining axon terminals exists in the ME (Lantos et al., 1995) , our present results suggest that leptin may directly act on both GRF and SRIH neurons to modulate the release of these neurohormones. This may be in agreement with the immunohistochemical evidence that at least part of both GRF and SRIH neurons express leptin receptors (Hakansson et al., 1998; Iqbal et al., 2000b) . Because leptin is a blood-borne peptide like many other hormones in the general circulation, the present data that leptin can directly act in the ME-ARC region may be of physiological significance from a teleological point of view. Because the ME is one of the structures called the circumventricular organs that lack the blood-brain barrier (Broadwell and Brightman, 1976 ), our present results make it plausible that circulating leptin may enter the brain through the ME, bind directly to its receptors in the ME-ARC region, and subsequently influence the release of GRF and SRIH.
It is interesting to note that in the fasted rats, leptin infusion also caused a significant release of ␣-MSH in the ME-ARC region, although this was not the case with the fed animals. These results are in agreement with a recent study in vitro by Kim et al. (2000) that leptin increased ␣-MSH release from hypothalamic explants from fasted rats but did not do so in the tissue from fed animals. The leptin-stimulated ␣-MSH release seems to be consistent with the reports that the ARC POMC neurons abundantly express leptin receptors Finn et al., 1998) and also that leptin upregulates POMC mRNA levels in the ARC (Schwartz et al., 1997; Thornton et al., 1997; Mizuno et al., 1998; Cowley et al., 2001) . We found that ␣-MSH, GRF, and SRIH all showed dose-dependent alterations of similar magnitudes to increasing concentrations of leptin. However, because of the following reasons, we think it unlikely that the stimulated release of ␣-MSH was causally related to the concurrent changes in GH, GRF, or SRIH. First, in the fed animals 10 ng/ml leptin was without effect on ␣-MSH, although this treatment exerted significant influences on the release of GH, GRF, and SRIH. Second, Koegler et al. (2001) recently reported that fasting decreases the gene expression of hypothalamic POMC in the monkey, which is a species exhibiting enhanced but not depressed GH secretion on food deprivation (Gluckman et al., 1987; Thissen et al., 1994) . Because our finding that leptin increased ␣-MSH release only in the fasted rats seems to agree with the fasting-induced increase in the ARC sensitivity to leptin (Baskin et al., , 1999a , it is more likely that the enhanced secretion of the anorectic ␣-MSH from the ARC is associated with feeding behavior. Indeed, the ARC is known to play a crucial role in the hypothalamic regulation of food intake and energy balance through synthesizing and integrating a number of appetite-regulating factors (Kalra et al., 1999) , including the orexigenic NPY and agouti-related peptide (Hahn et al., 1998 ) and the anorectic ␣-MSH and cocaine-and amphetamine-regulated transcript (Elias et al., 1998) .
Several previous studies suggested that NPY may mediate at least part of the leptin stimulatory effects on GH secretion in rats (Stephens et al., 1995; Schwartz et al., 1996 Schwartz et al., , 1998 Quintela et al., 1997; Carro et al., 1998; Giustina and Veldhuis, 1998; Vuagnat et al., 1998; Cocchi et al., 1999) . We thus hypothesized that leptin infusion would alter NPY release in the ME-ARC region if leptin could stimulate GH secretion. However, we found that the leptin-induced stimulation of GH secretion was not associated with a concomitant change in NPY secretion in either the fed or the fasted rats. The significant difference in the basal NPY release between these two nutritional states that we observed may endorse the sufficient sensitivity of our PPP method, which thus lends credence to the negative NPY data during leptin infusion. Therefore, our present results may suggest that leptin does not exert any acute effects on hypothalamic NPY release, and NPY is unlikely to mediate the acute effects of leptin on GRF, SRIH, and GH secretion, although leptin is known to modulate the NPY neuronal activity and its gene expression in a more chronic manner (Stephens et al., 1995; Schwartz et al., 1996 Schwartz et al., , 1998 Baskin et al., 1999b) . Our data seem to be consistent with findings in recent in vitro studies in normal mice and rats that leptin does not acutely affect NPY release from the hypothalamus (Jang et al., 2000; King et al., 2000) . In addition, the findings from NPYdeficient mice that these animals normally respond to exogenous leptin indicate that the ARC NPY neurons are not the sole target of leptin (Erickson et al., 1996 (Erickson et al., , 1997 .
The existence of leptin receptors in the pituitary gland, most importantly its functioning long form, has been reported by several studies (Zamorano et al., 1997; Shimon et al., 1998; Cai and Hyde, 1999; Jin et al., 1999 Jin et al., , 2000 Iqbal et al., 2000a; Lin et al., 2000) . Furthermore, it was demonstrated that leptin receptors are most abundantly expressed in somatotrophs among various cell populations in the pituitary (Cai and Hyde, 1999; Iqbal et al., 2000a) . It is thus possible that part of the changes in GH secretion we observed resulted from intrapituitary actions of leptin diffusing from the hypothalamus.
In summary, in this study we obtained the first in vivo evidence that leptin can alter the secretion of both GRF and SRIH in the ME-ARC region with an increase or a decrease, respectively, in association with concomitant stimulation of GH secretion. The sensitivity of these hormonal responses to leptin was higher in the fasted than in the fed rats. Leptin also stimulated ␣-MSH release in the ME-ARC region in the fasted but not fed, rats. Unexpectedly, NPY release in the ME-ARC region was not significantly affected by leptin in either the fed or fasted rats, which suggests that NPY may not mediate the acute effects of leptin on GRF, SRIH, or GH. Inasmuch as supraphysiological concentrations of leptin stimulated GH secretion even surpassing the levels in normally fed rats, we suggest that the influence of leptin on the neuroendocrine GH axis may be basically stimulatory.
